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rethane Feams From Animal Fats. XL
rethane Polyols from Epoxidized Tallow,
Sorbitol or Trimethylelpropane and
Pronylene Oxide; Preparation and Froperties
of Rizid Feams”

Edward i. Saggese, Alexander Eiiyk, Bohdan Artymysayn, and Marta Zubillaga

Introduction
Ear!ier studies at this laboraiory estab-
lished that polyols prepared.from tallow-based
intermediates could be conveniently used in the
foninulation of low density polyurethune rigid
foams [1,2,3].
in the present work, highiy funciional polyol
mixiures were prepared {rom the reaction cf
epoxidized tallew (ET) with sorbiiol and pro-
pricre exide (PO). The amounts of rcactants,
soroitol znd ET, were chosen in terms oi their
functionai ejuivalent ratios (the raiin of hydrox-
vl equivalents available from sorbitol to oxirzne
pius ester equivalerts from ET). To iniroduce
fire retardancy, a parallel series of brominated
polyols was also prepared. These ard other
polyols describec belew were used in formuleting
free-rise. Jow. medium, and high deasity rigid
urethane foams. The low density foams reported
here were formnlaied and evaluated escentially
by procedures. descrived in sarlier pablicetions
(4.5]. In a2ddiion, rmedium and high density
restrictad rise foams were prepared in molds. The
faams prepared from the tallow-derived polvols
were compared witn high density foams for-
inatarcd  with a number of commercially
avail=blz polvois based on oxyalkylated pen-
taerythritol, sorbitel, or sacrose.
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Earlier investigations demonstrated that
ta:iow-based polyols could be zmpioyec in iocam
formulations for low density applications, but
their use in high density foums has nrot heen
reported preivously. Generally, the ultimate
physical properties cf 2 foam are density depen-
cent. Although the density can be varied within
fimits by manipulation of the type and Juantity
of biowing agant, the nature of the reactants are
of major importance. Fundamental to the
chemistry invclved is the equivalent weight and
the Mnctionality of the reastants. Increases in
funct;onality and decreases in equivalent weight
generally increase the cross-linking deasity and
lrad to a denser network a much ore rigid
foam. The major purpose of this study was to
cdemonstrate that tallow can be modified to give
polyols that can be used in high density rigid
ursthane foam appilication:.

£xperimental Procedure
Marerials:

Tne ma:arials listed below were used as receiv-
ed. allow, faacy (Muiuzl-Shoemaker Cc.,
Philadelphiz, PAY, iodine vaioe 54.8; sorbuol
(Andrich Chemiral Co., Metucnen, N.J.}; pro-
pylene oxide (Eastman Orzanic Chemicals,
Rochester, N.Y.); hyvdroger bromide, gaseous
{Air Products Co., Allentewn, Pz},
Triisopropanolamine and Silicone 1.-330 {(Urion
Carbide Corp., New York, N.Y.); Dakco 33-LV,
139 soclution of iriethvienediamine in
¢imropylens glycsl; Dabes R-8020, solution of
tricchviene diamine in dimetnyl ethandl enivie
(Houdry Frocess and Chemical Ce., Marov
Honk, Pz.); Freon-11, trichlorofluoroinet:are
(Matheson Gas Products, New York, N.Y.);



Polymethylene Polyphenylisocyanate, PA?Pl
(Upjohn Co., Kalamazco, Mich.); Moncur MR
{Mobay Chemical Ca., Pittshurgh, Pa.); Silicone
DC-133 Surfactant (Dow Corning Corp.,

Midland, Mich.); Dechlerane Plus (Booker .

Crtemica! Co., Niagara Fals, N.Y.); Diethyl
N,N--bis(2-hydrc;xyc:thyl)aminoethylphosphate,
Fyrol-6 (Stauffer Chemical Co., New York,
N.Y.); antimony oxide, Thermoguard Antimeny
Cyide (M & T Chernicai, Rahway, N.J.).

Methods

Keaction of Epoxidized Taliow with Sorbitol
and Propyiene Oxide:

Epoxidized tallow (ET), 250.0 g, (oxirane
3.13% by the Durbetaki [6] method, saponifica-
tion mo. 189.5, acid no. 2.5) and 80.3 g (0.44
mo!) of sorbitoi, representing a functional
cquivalent ratio of 2.0, were melted in a 3-necked
flask equipped with thermometer, nechanical
sticfer, reflux condenser and additicnal funnel.
KOH rlatelets, 1.65 g (0.93 mo!) were acded to
crovide a 0.5% concentration and KOH based
on the weight of the mixture. The temperature of
the mixture was raised to 160°C, and 128.0g(2.2
mol) of propylene ozide (PO) was adled through
the addition funnel under a nitrogen atmaesphere
ai the rate of 0.6 ml per minute. The..otal reac-
t.or time was 4.5 bours. The reaction mixture
was ther neuntralized with concentrated

Tabie 1. Polyol Properties.

hydrochnloric acid and dried in & rotary
evaporator urder 0.25 mm pressure. The final
produ_ct (443.0 g) was an amber-colored liguid
ccm@ning 2.2 g of XCl. The weight increase,
based on the we.ght of epoxidized tallow, was
77.2%. During the oxypropylation reaction,
112.7 g (1.94 mol) of PC were fixed (0.73 moi of
PO per mole of OH from sorbitol). The final
product had a hydroxyl centent of 13.8%,
viscosity (Brockfield) 3,340 cps, at 25C. Thin
layer chromatography (1'1.C) showed no unox-
ynropylated sorbito! in the product.

Two additionai poiyols were prepared by the
reaction procedure descrited above, except that
tiie ratio of hydioxyl equivalent from sorbitol 0
glyceride reactive site equivalents was 4 a2nd 6,
respectively. The amouat of PO reacted was Leld
constant for ali polvols at 0.73 mol PG per mole
of OH from sorbitol. The properties of these
polvols (A, B, C) are tabulated in Tabie 1.

Reaction of Epcxidized icllow With
Sorbitol, Propyiene Oxide und HBr:

This series of polyols was prepared by the
reaction procecure desaribed ahcve except thar
102.3 grams (1.76 mcl) of PO was added and the
total reaction time was 3.5 hours. During the ox-
ypropylation reaction, 77.0 grams (1.33 mol} of
PO were fixed (0.50 mol of PO per moie of OH
from sorbitol). Hydroxyl conrem of pclyol was
12.0%. TLC shcved no uncxyprepylaed so1-

Eroduct Compositiom, Wt%

Polvol Properties

- Function Hydrexyl
Equivalent 5 5 Viscosity
Folyol Ratia ET Scrbitcl PO % Br % Equiv. cPs, 25°C
A 2.0 56.5 18.1 25.4 - 10.3 157.5 3,340
B 4.0 39.3 25.3 35.4 - 12.6 125.1 11,480
c 6.0 20,8 232.0 41.2 - 15.7 198.3 23,860
D 2.0 50.5 1£.2 15.5 17.8 5.9 . 288.2 2,i50
(12.0)
E 4.0 33.0 25.3 23.1 14.6 y.9 159 4,000
a7.n°¢
F €.0 26.7 27.3 26.1 19.9 8.0 . 212.6 6,300
(18.9)

{a) Moles CH/mcles {oxirane * ester).

(b) ET

(¢) OH content before brozinatica.

epoxidized tallow; PC = propylene oxidn.



Tabie 2. Rigid Foam Formulations (Parts by Weight).

b * Riga©
Low ° Hediun Density
Density Density Mcldud
Epoxidized tallow-sorbitol-propylene oxide polynla 8.70 - -
(OH No. 538: OH Equiv. 1068)
Epoxidized talicw-sorbitol-propylene oxice polyol - 40.C 528.%
(OH No. 356: OH Equiv. 157.5)
Triisopropanolamine (OH No. 853: CH Equiv. 1.30 - -
Trietbylenedianine (Dabco 33-1V) 0.25 - -
Trietbylecediamine (Dabco R-3020) - 0.4 '_ 1.9
Water - 0.1€ 1.06
richlorofluoromethane (Freon-11) 4.10 - - -
Pclymethylene Polyphenylisocyznate {PAPI) (105 index)} 13.80 - -
Poiymethylene Polyphenylisocyanate ioadur MR (105 index) - 37.8 5€1.2
Silicone L-530 Surfactant 0.16 - -
Silicone DC-193 Surfactant - 0.4 5.3

(a) Equiv. w:. adjusted tc 100 with triisopropanolacine.

(b) Vorestricted rise.

(c) Restricted rise.

biiol in the product. Brormination was carr.ed out
as follows: the temperature of the mixtare (426.7
grams) was reduced tc 70C; nitrogen flow was
stopped, and a Dean-Stark water trap was at-
sached. Renzene. 41 groms, was added, and the
mixiure was then heated and stirred at 120C.
Gaseous hydrogen bromide, 127.6 grame (1.57
mol), was bubbied threugh the reaction mixture
at the rate o) 21.2 grams (0.26 mo!) per hour.
After six hours reaction,. 38.0 grams of water was
coliected. The solvent was removed from the
mixture on a rotary evaporator under 0.23 mm
pressure. Potassium bramide (3.6 grams}
precipitate was separateé by decantaiion. The
final product (450.0 grams) was a dark brown li-
quid at room temperature, hydroxyl content
5.S%, bromine 17.8%, and viscosity
(Brookfield) 2,150 cps at 23C. This procuct mix-
ture was used without further modification. As
in the series described adove, the number of
hvdroxyl equivalents from sorbitol 10 tinse frem
the glvceride reaction sites was varied. Ratios of
2, 4, and 6 eguivalents were used. The properties
of these polvols (D, E, F) are given in Table 1.

foam Preparation and Tesiing
Low Density Unrestriczed Rise Foams:

A tvpical formulation for the low density
free-rise (un-estricted) Zcems is given in Table 2.
A one stzp procedure was used in the prepara-
tion. A well siirred mivtere of the polyel (24d-
justed to an =quivalent weight of 100 or 120 with
sriisopropanolamine o used withou: adyjustmert
of equivaiza: weight), casalyst and biowing sgent
was added 1o a mixivre of the crude poiymeric
isocyanars (AE 1C5) ard silicone surfastant. The
resultant blend was then cirred wih 2 Ceonn
blade a7Tixed 10 a driii ont’! the onse: cf cream-
ing and iben poured inio 2 9 0. paper <up.
Foaming was geperally ccomplete within (00
saconds. Afier curing a' rodmn temrerature fofr
one weak, the foams were cui and resied. Two
additional series of foams were preparsd from
these polvels. In one saies, 2 conpiration of
noareactive f{ire restardants, Sb.;0; and
Dechiorans Plus, were used at 15% and 509
(w/w) based on weight of polyvol mixture. In the
other series, a reactive phosphorous containing




Tabie 3. Formulations Containing Reactive and Naonreactive Fire Retardants (Parts by Weight).

Foraula%“isn No.

Polyol —_—

Component Equiv. Wt. W 2° 3d "?
Poiyol A 157.5 - -- 5.5 -
Polycl B 125.1 3.9 7.8 - -
Pelysl E 189 -- - - 10%
TIPA? 5.1 2.2 3.5 --
rietkylenedianine (Dabco 33-LV) 3.23 0.25 0.25 0.25
Trichlorofluoronethane (Freon-11) 4.1 4.1 4.1 4.1
Polymethylene Polypihemylisocyznate (PAPI) 15:0 11.7 11.1 7.2
Silicone L-530 Surfactant 0.16 C.i6 C.1lo 6.16
Lechlorane Plus 3.0 3.0 - -
Sb203 1.5 1.5 -- -
Fyrol-6 - - 3.0 --

(a) Triisopropaunolzmiae.

{b) Atr ecuiv. wt. = 100

1]

f¢) AL egquiv. wt. = 120

125

1}

() At equiv. wt.

"{e) Polvel E contains 14.6% bromine.

retaréant additive, Fyrol-6 (equivalent weight
128.3), was used. Typical formulations are given
in Table 3.

Medium and High Density Unrestricted
Rise Foams:

Tauble 2 gives a typical formulation for the
medium density free-rise foams prepared. 7o a
mixture of the polyvisocyenas: and silicone sur-
factant contained in a paper cup was added a
mixture of the polvel, catalvst, and water. Thke
blenc was stirred uniil the onset of creaming
(atou: 20 secondsy with 2 heavy ¢uty Conn Hinde
affixed to a drill. For the higher density foums
the amount of water “was balvad over that shuwn
in: Tatle 2 for the medium density foams. Agzin
2il foaming was aliowed to take place unrestrain-
ed in z @ oz. paper cup. The tallow based polols
were used Ccirectly without adjustmear in
equivalent weizht.

Molded Resiricted Fooms:
A three-sided square aluminum mold having a

mold cavity 7-in.? by 3-in. high was designed and
constructed irom 3/8-in. aluminum plate. The
top surfacz p.ate, with i/8-in. holes drilled and
spaced 2-in apart, was movnted to the rest of the
assembly through fived bolts and fastened with
willg nuss.

A guantity. sufficieni to give a precalculated
density 112 and 24 Ibs/ft?), of the thorougaly
blended foam mixture was poured under ambieat
conditions into the open mold just prior tc the
onset of creaming. The cover was secured to the
mold, and foaming was alflowed to proceed.
Loading was parallel to the 3-ia. dimension of
thie mold (horizonial pour). Lfrer 30 minutes the
meld was opened and the fozry was allowed to
cure inder ambient conditions for one week. A
typical formulation is given in Tabie 2.

Tex: Metrhods:

Dexnsity, Procedure ASTM D 622-59T,; com-
crehensive strengih, Procedure ASTM
Di€21-59T, vsing an Instron Tensile Tester with
reversed cage attachmeni, operated at a cross-



head speed of C.1 in/min.

Flexural strength was determired ty ASTM
790-66. Dimensional siability with humid aging
was parfoermed as described by the procedure of
Seefried {8].

The relative flammability characteristice of
the foams were evaluazed using ASTM Me:hod
D 1392 modified for convenisnce. A smail sam-
pie, 50 mni iong, 37 mm wide, and 13 inm kLigh,
marked 10 mm from each end, was supperied
he-izentally upon a metallic screen clamped ‘o a
ring stand. A microburner, whose tlame height
was adjusted 5o that ihe uppermost edge wouid
just impinge on_on¢ ead of sample. was
employed as the flame source. The aine Wes
brought in contact with the sample and permitted
+3 remain there for 30 secor.ds or untii the flame
first reached the first 10 mm mark, and then
remeved. The relative flammeability
characteristics of the foams were evaluated by
deie:mnining the burning rate and % area hurned.
The cause for extinguishing was aiso not=d.
These data were useful only for coinparavive pur-
poses anrd are not meant 10 ONVEY flamroe ity
or foam under actual condition of ignition.
Flammabiiity was rated complete if the sample
burned bevond the second mark (40 mm froiv i3-
nited edgz) after rem yval of flame source.

Resuits and Discussion
Polyoi Synthesis: )

Under the conditions emplcyed, a varisty of
reactions take plece simultareously. As evpiain-
ed below, cur earlier works indicaied thau the
more probable course is reaction of partialy or
totally propoxyiated sorbitol -with the -oxCrane
groups of ET. to give faitv nydrexy ethers oi sor-
bitol. Approximeiely 14% of the ET ccasists of
fully saturated triglveerides and does no* 2entain
any oxirane group. Reaction of propuxylated
sarbitol with glyceride linkages provides a. mix-
rure of products including digtycerides,
wonoglycerides, and esiers of so:bicl. The
simpiicity of using only oa¢ catalyst (HOH), -
stezd of two (KOH, BF.) in two sitages as
praviously reported by this lzboratory {9, is an
obvious advantage. The KOH catalyst ased in
this procedure effectively cataivzed ihe
sicoholysis  reaction and oxypropyatizn  of
Lvdroxyl bearing components. [10]. Tiie resuiting
rolvols possess recondary hvdreryi groups
predominantly and therefore react at LIwer MoTe
convenient rates with an isocyanate-terminated
prepolvmer te form ursthane foams with
modified properties. Since tae internst exirane
groups of ET are less reactive than those of PO,
in the above reaction the oxypropylatinn of sor-
titol probably comes first folicwed DY

2lccnolysis of both oxirane 2na ester group® of
ET.

Foams:

{.ow, medium, and high deusity rigid foams
were preparec from the polycls described by use
of a commercial blowing agent, trichloro-
flunramathane Jow density formu'ations), and
carbon dioxide (high density formulatior:s)
generated by reaciion of water with diisocyanaie.
Tre mediuzp and high density foams were
prepared unaer conditions of restrained and
unresirained (tree) rise and the low density fcams
only under unrestrained rise counditions. The
specific formulaticn used for preparing foams ia
eacti category is described separately. Except
where noted, for a direct comparison of the foam
fiom each series, the formulating conditions
were kept essentially identical. The decign of 2
formulation depends on the specific end use in-
tended for the celiular produrt. Similariy, the
ohysical tests seiected to evaluate a materiai also
depend on the ultimate design and the particular
rzquirements for the inaterial, The tests classicai-
ly used in evaluating higher density cellular
foams intended for use in plaques and furnituze
are surface and fracture impact durabpility,
Aimensicnal sabiliry at clevaied temperatures,
o~rew hoiding sirength and fevural properiies.

Tabie 4. Froperties of l.ow Density Foams.

c,e

oy Deasity Comp. str. Comp. Mod

Polyel Equiv.© ibs!f:3 ps{ psi
2 157.5% 1.6 23 580
120 1.8 30 720

100 1.9 % 725

B 12:.2% 1.7 25 650
1.0 27 30 802

100 1.9 38 840

c* 10e.3% 1.8 38 915
106 1.8 38 §25

® 188.7% 1.5 22 520
i2n 1.3 25 630

167 1.8 28 700

(a) Poiyol source: epexidized tallow + sorbitecl + PO.
{b) Polyol source: epoxidized tallow + trimethylolprozane
+ PG.

£} 4djusted witk triisvpropanaiamine {TIPA).

)

(d) Parallel to rise.
{e} 10% ccrpress:on.

(£) No adjustment of equiv. wtT.



These are the physical propeties most sensitive to
formuiation variations and are moest meaningful
in a comparative evaluation. Since the formula-
ticns reported here weré arbitrarily sclected, the
data prasented mav not necessarily represent the
best artainable and are useful only for com-
parat:ve purposes. It was not within the scope of
this study to establish optimum foam fermuia-
tions. The experiments were designad to deter-
mine if fai-based polycls were suitable for use in

producing rigid urerhane foams. Values for both .

free and restricted rize foaums are repcrted.
Table 4 gives a summary of the physical pro-
perties of the low density foams formuiated from
ths nonhalogenated polycls A, B, C prepared
from epozidized tallow, sorbitol, ard propyiene
ox:ds. For comparison, the table also includes
tha physical properties of a low density foam
prepared from a polyol which was reported in a
previcus publication [9]. This polyol (G) ccn-
sisted of a mixiure resuliing from the reaction of
epoxidized tallow, trimetnvlolpropane, and pro-
pyienz oxide. Details for iis preparation were
sitnilar to those descrited in this previous
putlication. In general, as the sguivaieny wzights
of the polyols decreased. tie densities, com-
pressive strengths, and mioduii of ihe resulting
foams increzsed. This is aiso evident in the foams
prepared from iliese polvols when the equivalent

weights were adjusied to 100 and 120 (generally
required in low density formulations contairing
fat-based polvols since the equivaient weights of
the [atty polycis are too high to allow sufficient
cross-linking to give foams of acceptable dimen-
signai and strength properties [11]) with
triisoproparclamire. At similar eguivalent
weignts, the physical properties of the fcams
from the sorbitoi polyol A were similar tc those
derived from the trimethylolpropane pclyol G
(=quivalent weighis of 157.5 and 169.7, respec-
tively); al adjustec equivzlent weight of :C0 and
120, the compressive sirengths and moduli of the
foams preparcd from polyols A, B, and < were
kigher than those prepared from polyo! G. These
higber values appavently were due to the higher
functicnality contributed by the sorbitol polyois.

Satisfactcry foams ccvld not be formulaied
from the brorainated sorbitol polvol direcily
without adjusiment of the equivaient weights.
Severe shrinkage resuited. Therefore, onlvy the
pelvol mixtures adjus:zed to equivalent w2ighis of
100 and 120 with triijsopropanolamine could be
converieatly evaiuated in low density rigid foams
Tabie 5).

The foams formulated from the brominatad
polyols ail had higher densities but lower
strengths thapn those prepared from the un-
brominated polycls. The higher Jdensities pro-

Table 5. Properties of Low Density Foams From Haleginated Polyols.

Percent bromine
[0):1 Dansity Comp. Stx. c,d Comp. Mod. e - Jgnition
Polyal' Equiv.b lhs/f\;3 psi , psi Pelyol Fozm Test®
D 288.2 {Severe skrickage} i7.8 --
120 2.0 31 845 - 10.3 Burned ccmpletely
10¢ 2.0 35 920 - 7.8 * "
E 189 {Severe shrinkage) - 14.6 -~
120 1.9 22 575 - 10.2 Burned compietely
100 1.9 26 780 -- 7.5 " o
¥ 212.6 (Severe shriakags) - 19.9 --
2 1.8 24 560 -- 13.0 Ignition ichibited
loo l.a 28 673 - 9.8 " v
() FPelyol scurce: epoxidized rallow + sorbitcl + propylene oxide + fRr.
(b) Adjunsted to 120 and 1CQ with triisepropanalarise.
(¢) Tarallel to rise. .
{d) 10% compression.

Hodified ASTY Methed D 1692 ac described in text.



Table 6. Burning Properties of Low Density Foams Fo

rmulated with Retardants — Unhalogenated Fclyols

Polvel - OH Dansity Burning Rated % Area Coup. s=r. Comp. Fod.
Source Equiv. lb::-/ft.3 Retardant Cms/u Il-urme"le vsi psi
A 157.5 2.0 Decklorane 2.3% 28.5 21 67
. Plus b
§,0,
1202 2.1 " 2.55 5.5 27 830
1006? 2.1 " 1.€8 18.5 26.5 %33
100 1.0 Fyrol-6¢ 2.25 22.5 37 1050
B 125 1.8 Tyrol-6° 2.30 23.0 27 715
120%° 2.0 Dechlorane 2.55 25.5 27.5 943
Plus b
Sb,0,
1002 2.1 " 3.02 30.0 36.5 915
190 2.0 Fyrol-6° 2.85 28.5 39.5 913
c 108.3 z.1 Dechlorane 2.40 26.0 23.5 978
- Piuc b
~
szu3
100.0% 2.0 " 2.25 22.0 30 £63
106.0 1.8 Tyrol-6° 2.40 24.3 34.5 823

(a) Adjusted with triisopropa:’.olamine.(TIPA‘,. {b) 2:1 : _polye
(d) Modified ASTM Method D 1692 23 Gescribzd in “ext.
(€} Barning extinguished by char formation.

(¢} At approx. 30% of polyol wt

bably were due to the greater amount of
triisoprcpanolamine which had to be added to
the brominated resulted in Jower compressive
strengths than would be pradicted for thse higehr
density foams bur did not impart satisfactory
flaumability characteristics.

The physical proerties of foams formuiated
with fire retardant additives.are given in Tebles 6
and 7. Two types of additives were evaluated, a
reactive Fyrol-6, and nonreactive, either
Tiechjorane Plus and Sb:0. or Sb,0; alone. The
addition of either additive resuited in a marked
improvement in fire retardant properties of the
“oams, with no great difference in the degree of
retardancy between the various types of rewar-
dants.

The use of nanreactive retaréant in the for-
mulations resulted in higher densities than noted
for the same foams preparsd withour additive
(Tables ¢ and 5). Althcugh the compressive
sirengths, comparsd to those of the rfoams
without retardani, wers somewhat lower than

531 Ratio @ 30% of total polyol wt.

would be expected at the higher densities, there
was generally a gain in the compressive moduli.
These same trends were evident with the foams
formulated with the reactive retardant. This may
sugzest that the fa:-bated pelyols may be con-
tributing some plasticizing properties 1o the
foam, thereby improving its aaditive carrier pro-
perty with little cr no loss in physicai properties.

Ir the foams formulated with the halogenated
poivers D, E, and F onlv the nonrsactive retar-
dant 50,0, was e-aluated. The additicn of $8:0;,
resulted in a signif'cunt improvemest io fire
rerardancy, but this was azcomplished by a loss
in compressive : The «ompressive
modulus appeared tc be unaffected.

The resuits of the cvaluarion of the poiyeis in
medium and aigh dersity focams are ghen in
Table & Shown for comparison are Correfpan-

‘ding data for fcams prepared from sorbhivol

derived poivols, from four commercia! poivols,
and from taree TNP-ET-based polvels {12, 131
which had not been evaluatad in medium and



Table 7. Burning Properties of Low Density Fozms Formulated with Retzrdants — Halogenated Polyois.

% kr
OH Density iz Originai Yu Fiosl
Source  Egquiv. 1bs/£:3 Retardent. Pelyol Form |
D 120* 2.0 b 17.8 40
1c0* 2.0 b 7.8 Z.8
126° 2.3 8b,0,°€ 17.8 3.6
106* 2.2 55203; 7.8 1.5
£ 126° 1.9 ® 14.6 5.3
100° 1.9 b 14.6 -7
120* 2.2 snzos‘ 1.6 3.
100* 2.0 sbzo_.c 14.6 2.5
2
F 12 1.8 b 15.9 5.0
100% 1.9 b 19.9 2.4
120% 2.1 szo“‘ 19.9 4.5
2
100° 2.0 sulos° 15.8 3.1

Burpirg RateS % Ares Comp. sa ® Cump. Nod.
Smi/a Burned psi

o asi
Comp lete e 21 845
Complete - 35 910

5.6 s 25.3 758

6.3 36 28 905
Comp:ete - 21 575
Compiete -- 20 780

3.3 3t 18 665
0.7 nf 20 563
6.6 s7d 26 569
6.4 523 28 675
2.3 284 18 575
.0 2081 20 16

{2} Adjusiad with triisopropanslamine.
(b) No additiona! 1lame retardant addstive tc that of bromine

piesent in polyc! originally.
(<) Ratio of retardant: faity poiyo! of 1:2.
(d) Modified ASTM Method D 1692 as described in text.
(¢! Nio farther burn through after 1.5 cm bern through in 15 secs.

Tabie 8. Proverties of Medium and High Density
Foams (Unrestrained Rise).

o Lecsity Comp. str. Cosp. Yod.

Poiye. Equiv. 1bs/IT 231 psi
" 157.¢ 12.3 =37 8340
20.3 985 23428

B 125.3 13.6 457 12750
21.6 1233 29055

c 108.3 16.5 740 17635
22.3 1370 32070

] 288.2 107 85 2555
16.8 149 £300

E 189 10.7 248 3709
14.8 410 12790

F 212.6 11.2 290 16093
15.0 45 14132

' o 12.3 195 £093
18.2 395 16880

b A 34 13.5 390 €335 -
19.2 585 24785

e anas 14.1 432 12333
15.8 925 21370

e®  1es 119 213 s2°0
15.5 550 18117

a¥ 132t 350 19255
15} 540 14982

e 0.4 223 4S8
2.8 1487 32230

ab a2 8.8 168. 4865
1.5 35 7120

Flez str.

Psi

207

s

455

120

Tlex Mod.

N 3

e

4725

7425

10340

2862

(a3 Polyel source: EJ + TMP (=xeess % washed ovt Witk E,_,G}.

(4) Tormercial polyeds:

ccrbito) ipemtaervtiritol/sucrcse * BS.

(D) Ne fusther burn through ater i.6 cm through in 15 secs.

fg) No fariher burn threugh afier 11.5 e throuph in i5 secs.
(hy Mo further bue through after 1b cm burn <hsough ia 15 secs.
(i) Burnir-g 2xnnguished by chain formatica.

(i} Burning exi:nguished by gassous atonm.

(k) 10% compr:soion.

Table 9. Burniug Properties of Medium and High
Density Fcams Prepared from Brominated Polycls.

D

¥ Bromine Barning % Aread,e

~H in Foan nteb Buroed
Palyol Equiv. Density (w/7) res/m in 30 sec.
o 28R.2 Z(I.Sa 9.7 3.2 32
16.8 13.5 - -
£ 189 11.2 35 1.0 10
16.1 7 2.7 7
¥ 212.€ 10.9 1.3 2.3 n®
15.0 15.2 1.8 10

(2) Ipsufficient msterial to 2llow fer adequate sazple for
burping test.

{b) Flane arresi caused by char and gas formatiocn.

{c) Spailer sample used in test.

(d) Modifies ASTM fethod D 1602.as 3escribed iz lext.

(e; Burning extipguisked by ciar formatica.

high density formulations. All polyols were used
without adjustment of the original eguivalent

. weight.

The sorbitol based poiyols A, B, and C and
the TMP-tased polyols TA, TB, and TC gaxe
fsams with similar deasities, aithough the OH
eguivalents were considerabty higher for tre lat-
ter series than for the former. If physical proper-



ties were sceiy density deperdent, comgpressive
strengths wouid be expecied to be similar at
eaual densities, This was nct observed in the two
series. Instead, the compressive strengihs and
moduali were more dependsnt upon the
equivalent weights of the polyols. The medium
and high density foamns from the sorbitcl
poiyois, wih lower equivalent weigits, had
higher comngsessive strength and meduius values
than those from TMP polyols, wite higher
equivalent weights. The higher comprassive
streagths of the foams from the sosbito! poiyols
may be due to the higher functionaiity of these
polyols, leading to icnreased cross-linking. a
censer network, and greater rigidity. The higher
equivalent weights of the TMP polycls resuit in
solymers with fewer cross-links per unit volume
and lower gross-link densities and hence foams
with lower compressive strength and modulus.

Within each series, ac the ecuivalemi weight
was increased, the density decreased, as did the
correspordimg compressive streugih and
modulas. Withia a given series, then, the genera-
lization thas proneriies are density depzndent is
valid.

Table § also shows that iLe fat-bascd polycls,
at commparable equivalent weights, yielded foams
¢hat were egual or superior io the commercial
polvols in compressive strengths and meduli.
Furtherniore, the higher density foams prepared
from th helogenated fat-based sorbitol polycls
D, E, and F had compressive strengrhs and
modui muck lower than thuse of the foams
prepared from similar polycic which did not con-
tain ha'oges.

The burning chaiacteristics oy medium ard
high densiy foams made from halogenated
polyols are given in Table 2. Since the percent of
halogen in fira! form is proporricnal to the den-
sity (w/v}, the higher density foams had a greater
dezree of rztardancy. Neveriheless, evea ir the
higher density foams the level of retarcancy was
unsatisfactorv. The addition cf an addivive such
as Fvrol-é or Sb,U, should result in improved
nonburning character. Since sorbitcl nas ex-
celient char farming characteristics. the results of
the burning tests reported here were unsxpecied,
comsidering that the poiyols coniainzd z large
percentzge of sorbitol. This charring sffect of
sorbitol was nrobably offset by the inherent bur-
ing characteristics of the higher proponicn of
etty acid i tie polyol mxture.

-y 3

Maided Fpoms:

. The physizal properiies of moided foams are
givenr in Tabfzs 10 and I1. All measuremnenis
were taken paraiiel to the direction of rise from
the core of blocks with skin removed. At lower
Zensites, measurements daken ir the direction of
rise gave much kigher values than those

- 04 -
Folyel Eouiv. 2

measured pernendicularly :0 this direction, but,
as deasity increased the difference between the
{wo direciions became smaller. Thus difference
was due to the anisotropy of the cells making up
the low deasity “oams, the cells being eiongated
in the direciion of tne rise. As the density cf ithe
resuiting ;oam begins tc 2xceed & pcf, the cells
are packed cgzther and hecome more jsot:opic,
and thie values obrained from nerpendiciuler and
parailel measurements become egual. Shown in
Table 10 is tne dersity of mnoided foam with skin
intact, densit> of core, compressive and flexural
sirengths and moduli. Tables 10 and 11 inclede
the physical properties of mclded foams fer-
mulated from polvol G mentioned sbove, frem a
second pulvol G. similarly prepared from epox-
idized tallcw, trim=thoio! propane and propyiene
oxide, but at a dif‘erent eguivalent weight, and,
for comparative parposes, from commercial
r.olyols CA through CD. )
The comgressive ana flexural sirengths and
the moduti of the foams prepared {rom the bat-
bosed polyols A, G, and 3. compared favorably
with or were superior tc ihcse of the foams
prepared from the commerciai polvols CA
threcugh CD 2t both dersity levels studied. For
fyams preparza frorm fat-based polyois. a two-
fcld increase in density was accompaunied by a
three- to four-fcld increase in comp:essive
stirepgth, although the moedalus rose only two-
and-rne-half to thiez-and-one-haif foid. For the
came increase in demsity. the flexural strengih
and modulus increased approximately three-
ford. Compariso.a o physical properties ¢f the
foams formulatea from the fat-based TMP
polyols G and G. = :0ows that the polyol with
lower eguivalent we cht, G,, gave higher zom-
pressive nd flexurz! :iues ot both jevels of deni-
sity. The higher func . .ai sorbitol polvol A has
an equivilent weigh: .. 'dway between those of

Takle 10. Physical Fror r.ies of Molded Foams.

sz, Loms. Yod. Flex Sir. Flex. Yed.

i psi p3i P
A 157.5 234 9348 225 2955
rag 25248 735 9365
¢ 19,7 1.5 10.¥ <88 ks 268 2260
23 i i3 12920 595 7725
6 W .1 1. “3 2024 P 3340
IR i1 22374 96 8525
e B3 kb 103 17 L1908 s 2300
5.8 2. 285 13881 60 5e60
G 3t 1 03 17 435 21 2073
2v7 118 i 12780 Er 596
o 654 1.4 104 Lfa s a8 260 1505
03 5, 12515 €15 s
oSN S U6 S T 1 3 309 200 28
3 L8 12476 525 “6ac

18} Tevsity of tioc = -¢'n irtact.
(1) Average decsity of samples vith surface skio resoved.

{c) Farailel t> sise - 10% ccapressiea.



Dimensiopral Stability with Humid égiaga'b

Compressive Str. {psi)

Screw Torque

Density After

OH Densxtgc Vi Lelore After Huerid Aging Density Torque

Pclyol  Equiv. (1bs/f£=") A Humid agirg Humid Aging (ibs/fi>) (1bs/ft3) (ix/1bs)
A 157.5 - - - - - 11.8 4.6

. 21.6 19.

G 169.7 10.6 1.25 i90 293 16.9 11.0 2.§
19,1 1.19 €28 705 19.4 19.4 18.3
G1 147 - - - - - 11.4 5.1
20.1 16.2
CcA 148.3 10.3 1.74 118 258 10.3 1¢.5 5.5
2C.9 0.26 £43 &75 21.1 20.9 16.0
CB 153.3 10.5 1.23 2¢0 245 10.5 1¢.4 4.9
21.8 2.22 €28 1020 22.2 2z2.2 15.3
cc 168.8 10.5 -1.36 213 285 10.8 10.6 5.8
19.6 =-0.13 €10 940 20.1 21.3 19.5
cD 181.7 1.4 -0.30 153 170 10.8 10.6 6.0
: 15.3 -0.80 sS85 735 20.3 19.7 17.1

.

(a) 78°F, 100% reiative humidity for 7 days.

(b) Values given are average of samples from top and botior sectiorn of core.

(c) Density before humid aging less thea atrtex HA.

The comp. str. values refiect this difference.

This demsity increase may be dne to trapped water.

the TMP polyols G and G,. However, the Jnams
obtained from polvel A gave higher compressive
and flexura! strargth and compressive moduluc
values than those from poivols G and G;. This is
as expecied, since the sorvitcl polycl A is more
highly functional thar the TMP polvois G and
G|.

Tre results of dimensional stability with
humid aging, eportsd in terms of percent
volume change, and compressive strezgth before
and afier humié aging, and screw torgie are
shown in Table 11, Generally, a high humidity
tends to plasticize a foam with & resaltiag loss in
sirength; therefore, these data wers ootainesd 10
determine the effect of hemidity on the foams
prepared from: the fat-based poiyois. For thsse
polyols to have merit, their dimensicnal stabatity
and strength must be o more affecced by
Lomidity than are those of {oams prenared from
the sormnercial polyols. Tre humid zging data
must be intaoreed according to the maximum
zllowatle expansion cotr shrinkaze, in most
defense foam arplizations gencrally z% jzss in
inear dimeasion, and whether the foara revurns
to its original strength when the moisture is
removed. The duta reported are withirn the accep-
table limits for each of these two criteria. Fur-

Tahle 12. Sciew Tor.jue vs Density.

Density Screw Torgque
(].bs/ft.s) (in/1bs)
5.3 1.8
il.4 5.1
15.1 8.3
20.1 19.2

<her, these fat-based foams compared faverably
witly and werz either egual or superior to those
made from the commerciai poivols.

The worgue required to strip the screw threads
in the foam was, as expac: ed, deasity dependent.
For the fat-based foams this velue varied bet-
weern 4.6 and 6.3 in lbs for densities of approx-
imately 11 lbs/ft* and between 18.3 to 19.2 for
the higher density foams. These values were
equal o1 superior to those noted for the commer-
cial fozms. The depsity dependence of this
physical property is illustrated in Table 12 and
Figure 1.
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Figure 1. Screw Torque Vs. Density.
Conclusions

These investigations demonstraie that a
renewable agricultural resource, tallow, can be
readily inodified to give intermediates suiteble as
polvol components in formulations for urethane
foams. The degree of functionality can be varied
bv tae oroper choice of reactants. Typical syn-
theses iilustrating the modifications of taliow to
give nighly funcricnal polyols are outlined. Thae
preparation of lew, medivm, and higa density
rigid fcams from these taliow-based polycl in-
termediates is described. Data obtainzC oa
physical properties for the dense foains prepared
suggest that the use of these interinediates is

feasible in the manufacture of nonsupportive
furniture and plaques. The study aiso indicates
that the fermu'ations containing these fat-based
intermediates can tolerate sufficient selected fire
setardants for noiiceable reduction of the burn-
ing characteristics of the resuitant foams.
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